Introduction
According to ABET's criteria for accrediting environmental engineering programs, air pollution, along with water, land, and environmental health, is a major focus area within environmental engineering curricula (ABET 2016) . Successfully integrating each of the aforementioned focus areas into a program's curriculum can be difficult. Due to the busy nature of instructor and student schedules, some courses will invariably need to be taught in the evening or in larger blocks of time than a standard 55-minute lecture period. Maintaining student engagement in a longer evening course can be challenging. This study explores the integration of active learning interventions and flipped classes into a 3-hour, evening air pollution course, and gauges the effectiveness of these interventions in maintaining student engagement and teaching lesson objectives.
The use of active learning interventions and the prevalence of flipped classrooms have increased in recent years (Koretsky et al. 2015) . While still not universally accepted, some studies suggest that both active learning interventions and flipped class approaches can increase student learning and performance (Freeman et al. 2014; O'Flaherty and Phillips 2015) . Active learning interventions can be generally defined as any instructional method that engages students in the learning process (Prince 2004) . Several core elements of active learning include student activity, student participation in the learning process, student reflection on ideas presented in the course curriculum, and regular assessment by students concerning their degree of understanding and handling concepts (Michael 2006; Prince 2004 ). According to Talbert (2015) , flipped learning occurs when instruction moves from a group learning space to an individual learning space. The group space then becomes an interactive environment where the instructor guides students as they learn. The classroom component of flipped learning commonly involves active learning interventions (Berrett 2012; Bishop and Verleger 2013; Jamaludin and Osman 2014) . Numerous examples of active learning interventions and flipped classes in STEM courses are available, and several studies have outlined approaches in environmental engineering and science courses. A non-exhaustive list of several such studies is provided in Table 1 . Despite these examples, few readily available studies in published literature outline active learning interventions in air pollution courses and no readily available study discusses flipped classes in an air pollution course. 
Course Description and Student Demographics
Colorado School of Mines' air pollution course was designed to help students become familiar with air pollution issues, understand the basic chemistry behind major air pollutants, develop a working knowledge of engineered approaches used to mitigate the effects of common air pollutants, and prepare them for future air pollution work in the public or private sectors. The course introduced air pollution fundamentals, such as the ideal gas law, US legislation, the source, nature, and control of particulate matter (PM) and gaseous pollutants, indoor air pollution, and dispersion modeling. The course contained two projects, one of which involved aspects of PM pollution (visibility, emissions, deposition), while the other measured indoor air pollutant concentrations (see Pfluger et al. 2012 for project details). A major course objective was to prepare students for the Fundamentals of Engineering Exam and the Principles and Practice of Engineering Examination for Environmental Engineers, which currently contains 23 air pollution questions (NCEES 2011) . During the Spring 2016 semester, in which students were surveyed, 5 masters-level graduate students and 14 undergraduates (junior and senior-level) were enrolled in the course. Of the 19 students, 17 were female and 2 were male. Each master's student enrolled in the air pollution course was a member of either the civil and environmental engineering program or the environmental engineering and science program, and each undergraduate student enrolled was an environmental engineering major. A formal survey of students' previous exposure to active learning interventions or flipped classes was not administered.
Motivation for Integrating Active Learning Interventions and Flipped Classes
The air pollution course at the Colorado School of Mines was initially taught in the Spring 2015 semester as a 3-hour long, lecture-based, evening course that met once per week. Year-end surveys and anecdotal student comments from first year of teaching the evening course indicated that the 3-hour time period was long and that students had problems maintaining the appropriate level of attention required to learn the material. Students also stated that more group interaction and active learning would be a welcome modification and would help them stay engaged. While some group activities were included in the course, there was no deliberate plan for integrating active learning interventions or flipped classes during the first year the course was taught.
Active Learning Interventions and Flipped Classes
Active learning interventions and flipped classes were developed such that students experienced at least one intervention per week (i.e. per three-hour class period). Students enrolled in the air pollution course attended 14 three-hour class sessions (over 17 weeks), which were divided by topic area. The following paragraphs briefly introduce the active learning interventions and flipped classes integrated into the 14-session course curriculum. Table 2 provides a list of where each intervention was presented in the curriculum.
Active learning interventions were developed using the following techniques: small-group exercises, interactive problem-solving sessions, hands-on equipment demonstrations, videofollowed-by-discussion exercises, student "team teach" presentations, and project group presentations. A total of 16 active learning interventions were integrated into the course curriculum. While Appendix A provides a description of each active learning intervention, defines the time required for each, and provides relevant references, a description of two active learning interventions, the "early atmosphere" small-group exercise and the "team teach" intervention, is provided here. The "early atmosphere" small-group exercise, given in the first lesson of the course, began with providing students several satellite images of Venus and Earth and asking students to think about why Venus' atmosphere developed differently from Earth's atmosphere. Several basic air pollution terms, such as atmosphere, air, weather, and climate were then defined for the students. Students were subsequently broken into groups of 4 or 5 and given 10 minutes to think through how the Earth's present-day atmosphere developed. Students were asked not to look up the answer on the internet, but to think through how major gases (N 2 , O 2 , Ar, etc.) came to have appreciable concentrations in our atmosphere and why these gases did not develop on Venus. Each group then discussed their response with the rest of the class. The "team teach" approach was designed such that a group of 4-5 students would introduce a gaseous pollutant to their peers at the beginning of the appropriate class period (see Table 2 ). Student groups selected a gaseous pollutant (SO x , NO x , VOCs, O 3 ) at the beginning of the course (i.e. Week 2) and the instructor posted relevant materials such as reading assignments, PowerPoint slides, and handouts to BlackBoard in advance. Students were expected to prepare for the "team teach" prior to class and then present the material at the beginning of the class for approximately 5 minutes. Introductory material that students presented for each gaseous pollutant included pollutant sources, human health effects, environmental effects, and applicable regulations (e.g. the National Ambient Air Quality Standards).
A total of 4 flipped classes were integrated into the course curriculum (full descriptions available in Appendix A). Topics for flipped classes were selected by the instructor to cover a range of subjects that were both conceptual and quantitative in nature. The instructor also considered the following factors in selecting topics for flipped classes: availability of literature (i.e. recently published relevant journal articles), perceived student interest in the topics, and placement of the flipped class in comparison to other interventions. Of the four topic areas selected, the PM problem-solving lesson was the most quantitative and the indoor air pollution in developing countries lesson was the most conceptual (i.e. contained no equations or problems). The carbon capture, transport, and sequestration lesson contained several topics that most students had not yet been exposed to in their environmental engineering education, and the acid rain sources and effects lesson contained the most chemical reactions of the four lessons. All lesson materials were posted to our university's online Blackboard site at the beginning of the semester for student review and preparation prior to the flipped classes (see Appendix A). 
Survey Methods
Students were issued two surveys, one at the course mid-point and one at the course conclusion, to assess the effectiveness of the active learning interventions and flipped classes on a 5-point Likert scale (5 = strongly agree, 4 = agree, 3 = neither agree or disagree, 2 = disagree, 1 = strongly disagree). The mid-course survey was issued so that students could provide responses concerning several active learning interventions and one flipped class while the interventions were still fresh in their mind. Between the two surveys, students were asked to respond and/or comment on several specific active learning interventions and on each of the four flipped classes. Both surveys were kept to 10 questions in length, which allowed for the instructor to assess some interventions, but not each in depth. On each survey, several general questions regarding student perceptions of active learning interventions and flipped classes were posed prior to surveying specific interventions.
Further, several open-ended questions concerning flipped classes were posed to students on the end-of-course survey. Each question posed is included in Appendix B
.
Responses to open-ended questions posed on the end-of-course survey are found in Appendix C. The surveys were not discussed in class to keep student responses unbiased; however, the instructor did state that the purpose of the surveys was to gauge how students learned using the active learning and flipped class techniques, and that their responses would measure the effectiveness of each surveyed intervention. To ensure full student anonymity, the survey was conducted outside of the Blackboard environment using Survey Monkey; the instructor did not administer the survey and only saw anonymized results after the end of the semester. We also incorporated relevant comments from our institution's anonymous student course-end survey in our analysis (Appendix D).
Assessment of Student Responses
Of the 19 students enrolled in our air pollution course, 16 elected to respond to the mid-course survey and 9 responded to the end-of-course survey. Up front, students were first asked on the mid-course survey if they preferred a lecture-based format for learning air pollution topics, or if they prefer discussion-based formats (i.e. an active learning or flipped format) for air pollution topics. Responding students indicated a preference for a lecture-based format (4.00/5.00 mean Likert score) to a discussion-based format (3.19/5.00 mean Likert score). A student preference for traditional lecture formats is common, especially with students who may be unfamiliar with the flipped class approach (Mason et al. 2013 ).
In general, students indicated that the active learning interventions aided in their understanding and helped them stay engaged during the 3-hour time period. Between the mid-course and endof-course survey, there was a slight uptick in student responses indicating that student perceptions of active learning interventions were more favorable after taking the entire course and being exposed to all 16 interventions (see Table 3 ). Specifically, a paired comparison of individual student responses between surveys indicated that 5 students who answered "agree" on the question "active learning techniques used in class have aided in my understanding of air pollution topics" on the mid-course survey switched their answer to "strongly agree" on the endof-course survey. A similar uptick between surveys was observed when students were asked whether flipped classes helped students stay engaged and interested during the 3-hour time period (see Table 3 ); however, a paired comparison indicated little change in individual student responses between the mid-course and end-of-course surveys. At the mid-course survey, students had completed only one flipped class (PM problem solving), which may have influenced student responses. While more assessment data and a larger student population are required to determine statistical significance, student responses to both active learning interventions and flipped classes between the two surveys indicate an increasing trend in perceived effectiveness as they were exposed to more interventions.
Due to the large number of active learning interventions and limited number of survey questions, only 6 of 16 interventions were selected for student survey. Specifically, two less traditional small-group exercises, the early atmosphere small-group exercise and the pre-and post-industrial revolution carbon cycle small-group exercise, and the "team teach" approach for introducing gaseous pollutants were selected for survey. These specific interventions were selected over other interventions because each was newly developed for the semester in which students were surveyed, and the instructor was particularly interested in student perceptions of each. Student responses are summarized in Table 4 . Students were asked two questions concerning the "team teach" approach, the first of which is found in Table 4 . The second question asked if the intervention helped them stay engaged in interested during the three-hour class period. Student responses to this question were neutral (3.00/5.00 mean Likert score; 6 "agree" responses, 6 "disagree", and 4 "neither agree or disagree" responses). Students also provided several critical comments concerning the "team teach" intervention on our institution's course end survey (see Appendix D), indicating that the intervention was not beneficial and failed to help them learn the material. 3.78 of 5.00 Agree = 8 Disagree = 1 1 A similar question was posed on the mid-course survey for active learning (i.e. active learning helped students stay engaged and interested), but was not asked on the course-end survey. Responses on the mid-course survey indicated that active learning classes kept students more engaged and interested than flipped classes (responses: strongly agree = 5, agree = 7, neither agree or disagree = 3, disagree = 1). This response may have been influenced by the fact that only one flipped class (PM problem solving) had been completed when the mid-course survey was issued. Table 4 . Student responses to questions concerning active learning interventions. The intervention number is listed (see also Table 1 ). Mean scores from survey data are bolded and the number of student responses in each category are provided.
Active Learning Intervention
Intervention helped the student learn the concept I1. Early atmosphere exercise (n = 16 respondents) Students were asked to respond to two questions concerning each flipped class. First, students were asked whether the flipped class technique helped them understand the lesson objective. Second, students were asked if they would have preferred a standard lecture format for understanding the lesson objective. Responses for each flipped class are stated in Table 5 . Based on mean Likert scores, students indicated that the flipped class was preferable to a lecture format for three of the four lessons: PM problem solving, acid rain sources and effects, indoor air pollution in developing countries. The only flipped class for which students would have preferred a standard lecture format was the carbon capture, transport, and sequestration lesson. This lesson contained several topics to which most students had not yet been exposed, such as transportation of liquid carbon dioxide and supercritical pulverized coal plants, which may have influenced student responses. Student preference for 3 of the 4 flipped classes indicates a shift from their initial responses regarding a preference on the mid-course survey for the traditional lecture format.
Students were also asked several open-ended questions concerning flipped classes on the end-ofcourse survey. Responses to each are provided in Appendix C. Specifically, students were asked whether or not they sought out and used additional material beyond what the instructor provided to prepare for the flipped classes. Of the nine respondents, only two stated that they had at some point. Students were also asked how long they prepared for the flipped classes. Responses varied, but each of the nine respondents indicated taking less than 1 hour to prepare, and the average preparation time was approximately 30 minutes. Responses to these questions indicate that the majority of students did not take significant time to prepare for the flipped classes, despite instruction that they needed to complete all of the assigned reading to adequately participate in class. Relevant comments concerning flipped classes were also extracted from our institution's standard course-end survey (Appendix D). Comments regarding flipped classes on this survey were mixed, with some students providing positive feedback (e.g. they liked the flipped class format or it helped them learn the material) (n = 7 comments), some providing neutral constructive feedback (e.g. the flipped class should be the last event in class because it was tough to transition back to regular lecture afterwards) (n = 5 comments), and some providing negative feedback (e.g. they disliked the flipped class format because it did not help them remember the material or they felt rushed) (n = 3 comments) (Appendix D). While it is difficult to extrapolate any specific trend from comments on our institution's course-end survey, the variety of comments concerning flipped classes indicates that the approach is impactful and many students gained some benefit from the interventions.
Several trends are observed from the student responses. First, as stated, the students' perception of the effectiveness of both the active learning interventions and the flipped classes increased from the mid-course survey to the end-of-course survey. Second, as indicated by student responses, some interventions were perceived as more effective in helping students learn the lesson objective than others. While most student responses were generally neutral or slightly favorable (i.e. mean Likert score between 3.0 and 4.0), the "team teach" intervention was less well received. Third, based on mean Likert score, students preferred the flipped class approach for three of the four selected topics. The only flipped class for which students preferred the traditional lecture format was one that introduced several new highly technical topics to which they had not been previously exposed. 
Integration of Student Feedback
Student survey data indicate that the active learning interventions and flipped classes, in general, were a useful addition to the course curriculum and were helpful in achieving some lesson objectives. However, not all interventions were viewed as effective, and in an effort to continuously improve (ABET Criterion 4), several modifications to the course will be made. First, the "team teach" intervention for introducing gaseous pollutants will be modified. Instead of asking small groups of students to prepare before class and teach their peers, students will break into small groups at the beginning of class and the instructor will pose a series of short questions. The questions will cover the material that was previously incorporated into the "team teach" and student groups will present answers to each question to their peers. Second, we will modify the flipped class on carbon capture, transport, and sequestration, which received the lowest Likert score from students concerning effectiveness of learning lesson objectives using the flipped class format. Instead of the reading from the Intergovernmental Panel on Climate Change and the reading assignment from the course text (see Appendix A), students will be provided with two or three current articles discussing carbon capture, transport, and sequestration technologies. In class, where student groups taught each other the main lesson objectives through discussion and course materials (e.g. PowerPoint slides), student groups will instead be given a scenario where they must develop a solution using relevant carbon capture, transport, and sequestration technologies from the reading. Third, to better determine the effectiveness of each intervention, students will be issued informal, anonymous surveys after each intervention to identify necessary changes. Issuing the survey immediately following the lesson will allow students to provide feedback while the intervention is still fresh in their minds, and will give the instructor the ability to make immediate adjustments to future interventions as required.
Conclusions
This study presents several active learning interventions and flipped classes that can be used in air pollution courses. Maintaining student engagement in courses with longer class periods, such as a 3-hour evening course, is important to student learning. There is no clear-cut approach to achieving this objective; however, results from this study indicate that selected active learning interventions and flipped classes may be a means to enhance student engagement and learning. Survey responses also indicate that students will view some interventions as effective in teaching lesson objectives, while others may be perceived as less effective (e.g. the "team teach" intervention). Some interventions were likely viewed as more effective for several reasons, which include the amount of time required for students to adequately prepare for the intervention outside of the classroom, the difficulty of the subject matter, and the quality of the intervention itself. Further, some students may prefer that engineering topics be taught in a more traditional lecture format, regardless of how well-designed or thoughtful the intervention may be. Our experience also indicates that choosing the appropriate classes to flip and suitable active learning interventions is challenging, but can increase student engagement and learning. Considerations for selecting an appropriate intervention should include the amount of time students are required to prepare outside of class, the amount of time the intervention takes within the class itself, relevancy to the lesson objective. Instructors may also find that flipping classes that cover conceptual material will better facilitate student learning rather than flipping classes with more quantitative material or material that introduces new or complex topics. The instructor should also place interventions such that they occur routinely throughout the course. Having multiple consecutive interventions, or periods with no interventions, may detract from student learning. Further, selected interventions may not be immediately effective and may require modification from year to year. Instructors should continually assess interventions they use in class, and ask students for frequent feedback. For interventions in our air pollution course, more student survey information, coupled with assessment data, collected over several years is likely required to determine which of the presented interventions are most effective and which interventions need to be modified or eliminated. Despite this, student feedback indicated that several interventions, such as the indoor air pollution in developing countries flipped class and the early atmosphere small-group exercise, show promise for improving student learning and keeping students engaged during long class periods.
Appendix A. Description of Active Learning Interventions and Flipped Classes

Active Learning Interventions Intervention 1: Early small-group atmosphere exercise
Description: students were first presented with large-scale satellite images of Venus and Earth and asked why Venus' atmosphere is so different than Earth's atmosphere. Several terms were defined for the students, to include atmosphere, air, weather, and climate. Students were then broken into groups of 4 or 5 and are given 10 minutes to think through how the Earth's present-day atmosphere developed. Students were asked not to look up the answer on the internet, but to think through how major gases (N 2 , O 2 , Ar, etc.) came to have appreciate concentrations in our atmosphere. Each group then discussed their response. Time required for this intervention is approximately 20 minutes. 
External Resources
Intervention 4: Baghouse interactive problem-solving exercise
Description: students were presented with a three-part example problem designed by the instructor that builds upon basic instruction from the Cooper & Alley text. After instruction about how to approach the problem, students were broken into groups to finish solving the problem. The instructor answered questions and presented portions of the solution during the process. An Excel spreadsheet was used to aid in student understanding of the filter-drag model. 
Intervention 5: Electrostatic Precipitator interactive problem-solving exercise
Description: students were presented with a six-part design problem developed by the instructor. Design parameters were derived from Table 5 
Intervention 6: Scrubber interactive problem-solving exercise
Description: students were presented with several scenarios and asked to pick the most appropriate scrubber technology (spray, cyclone, venturi). Two additional scenarios were presented and students were asked to select the most appropriate control device from all previously presented PM control technologies (cyclone, baghouse, ESP, scrubber). The instructor guided students to the correct answer through interactive discussion as needed. Time required for this intervention is approximately 20 minutes. 
Intervention 7: FE & PE exam preparation question & answer period
Description: students had varying levels of familiarity with the FE and PE exams coming into the course. The purpose of this intervention was to provide a basic understanding concerning the importance gaining EIT and PE licensure, and to discuss preparation techniques. Students were introduced to the NCEES website and were shown a video from the website concerning the FE. The usefulness of review courses was discussed, as were different approaches to studying for the exams with an emphasis on air pollution topics. Time required for this intervention is approximately 40 minutes.
External Resources Required: NCEES website and YouTube video found at http://ncees.org/licensure/.
Intervention 8: Team Teach -Nitrogen Oxides (NO x )
Description: students signed up for teams of 4 or 5 in the second week of class and selected a gaseous pollutant: NO x , SO x , VOCs, or O 3 . Students that selected NO x were provided with a set of 6 slides that discussed the characteristics and sources of NO x , the difference between thermal and fuel NO x , conditions favorable for NO x creation, NO x emissions data in the US, environmental and health effects of NO x , and how NO x forms acid rain. Students prepared the material before class and presented the slides (and whatever else they found interesting concerning NO x ) to their peers. Time required for this intervention is approximately 10 minutes. 
Intervention 10: Team Teach -Volatile Organic Compounds (VOCs)
Description: students signed up for teams of 4 or 5 in the second week of class and selected a gaseous pollutant: NO x , SO x , VOCs, or O 3 . Students that selected VOCs were provided with a set of 6 slides that discussed the characteristics and sources of VOCs, introduced students to VOC incinerators, discuss the importance of VOC incineration and the "3 T's" of incineration (time, temperature, and turbulence), and the advantages and disadvantages of VOC incineration. Students prepared the material before class and presented the slides (and whatever else they found interesting concerning VOCs) to their peers. Time required for this intervention is approximately 10 minutes. Cooper, C. David & Alley, F.C. 2011. Air Pollution Control: A Design Approach, 4 th Edition, Waveland Press Inc.
External Resources Required:
Intervention 11: Team Teach -Sulfur Dioxide (SO x )
Description: students signed up for teams of 4 or 5 in the second week of class and selected a gaseous pollutant: NO x , SO x , VOCs, or O 3 . Students that selected VOCs were provided with a set of 5 slides that discussed the characteristics and sources of SO x , the chemistry behind SO x production, and SO x emission trends. Students also played a video describing how SO x forms acid rain from Britannica.com. Students prepared the material before class and presented the slides (and whatever else they found interesting concerning SO x ) to their peers. Time required for this intervention is approximately 10 minutes. 
Intervention 12: Mobile sources video and discussion
Description: students were shown a video describing the 2-stroke engine versus the 4-stroke engine from monkeysee.com. Students were then broken into groups to discuss three questions: 1) which engine type produces more pollution and why? 2) which engine type is most commonly found in developed and developing countries and why? 3) are mobile sources difficult or easy to regulate? Students were asked to discuss their group's responses with the rest of the class. Time required for this intervention is approximately 20 minutes. 
Intervention 13: Hands-on indoor air pollution (IAP) equipment session
Description: students were given a block of time to explore pieces of equipment they were able to use as part of their indoor air pollution project. The instructor was available to answer questions and discuss possible uses of the equipment. The available equipment included Safety Siren Pro Series 3 Radon detectors, EX-1Z ozone monitors by Eco Sensors Inc., Gas Alert MicroClip XT Multi Gas Detectors, and an AM510 Personal Aerosol Meter. Websites for each piece of equipment are listed below. The indoor air pollution project itself is described in Pfluger et al. (2012) . Time required for this intervention is approximately 25 minutes.
External Resources Required: below-listed or similar indoor air pollution monitor equipment:
1. Safety Siren Pro Series 3 Radon Detector: https://www.safetysirenpro.com/ 2. EX-1X Ozone Monitor: http://www.ecosensors.com/products/hand-heldinstruments/ez-1x-ecozone-data-sheet/ 3. Gas Alert MicroClip XT Multi Gas Detector: http://www.bwgasmonitors.com/xxyy-mc2.html 4. AM 510 Personal Aerosol Meter: http://www.tsi.com/sidepak-personalaerosol-monitor-am510/ Intervention 14: Pre-and Post-industrial carbon balance small-group exercise Description: students were provided the global carbon mass balance (i.e. sources, sinks, and flows) for the pre-industrial and post-industrial eras. Students broke into groups to discuss the differences between the two scenarios and identify new sources of carbon (i.e. air emissions due to burning of fossil fuels). Significant differences between the two scenarios were then discussed as a class. Time required for this intervention is approximately 25 minutes. 
External Resources
Intervention 15: Indoor air pollution project presentations
Description: students were asked to present the results of their IAP projects to their peers. They were asked to describe the piece of equipment used, their hypotheses, their methods, and their results. Student groups using the same piece of equipment were asked to discuss differences in their findings. Time required for this intervention is approximately 7 minutes per project group.
External Resources Required: N/A
Intervention 16: Current Topics Presentations
Description: after the mid-term exam, students were asked to sign-up into groups and research a current topic in air pollution for presentation to their classmates. Student groups were given flexibility to choose whatever topic they like, as long as it related to air pollution. Students were given 5-minutes to present their findings. Students were not required to use PowerPoint, but often elected to use the presentation medium. Current topic presentations were ungraded. Time required for this intervention is approximately 10 minutes per group.
External Resources Required: N/A
Flipped Classes
Flipped Class 1: PM problem-solving session
Description: students were given four problems prior to class: baghouse design, PM devices in series, cyclone design, and ESP design. Students were asked to use their books, handouts, and previous homework problems to develop solutions to each problem prior to class. Upon arriving to class, students were broken into teams of 3 or 4 and asked to compare answers. The instructor was available for clarification. After 5-10 minutes of group discussion, the instructor answered questions and explained the portions of the problem solution as required. Time required for this class is 50-55 minutes.
External Resources Required: N/A
Flipped Class 2: Acid rain sources and effects
Description: students read three relevant articles (listed below) concerning the chemistry of acid rain and the effects of acid rain prior to class. Upon arriving to class, students were broken into three teams and assigned one of the three articles to review and summarize for their peers. Each team was required to determine five major points per article, then discuss the similarities and differences of the articles with the rest of the class. Students synthesized knowledge by answering three "big picture" questions at the end of the lesson: 1) what is the major cause of acid rain, and where is the acid rain problem the greatest in the US? 2)
• Comments on open-ended question 1: did the "flipped class" lessons facilitate your ability to learn? Would a traditional lecture format be more effective? o I think the flipped class was useful. o They are an interesting change up to the standard format... however, it sometimes does help with the 3-hour long class periods. Makes them a bit more bearable. o Generally, the flipped classes were a nice break and pretty effective o I think they helped me stay engaged during the time block, but I do not necessarily think they enhanced my understanding. o It didn't really keep me engaged as all the notes were there. Having "fill in the blank" keeps me more engaged. Activities also do that. o As much as I enjoyed the flipped classes, they didn't really help with the way I learn; I tend to remember the material better in a traditional lecture setting. o Yes, it was nice to switch it up o Yes flipped class helped, traditional lecture is fine though o Yes for concepts, no for actual mechanisms 
